tact NRK cells (Acharya et al., 1998) . NRK cells are permeabilized with digitonin, washed with 1M KCl-containing buffer, and incubated with mitotic cytosol prepared from NRK cells. After a 60 min incubation at 32ЊC in the presence of an ATP-regenerating system, Golgi membranes are found in the form of small punctate structures dispersed throughout the cytoplasm (Acharya et al., 1998) . Electron microscopy analysis of these cells revealed that the small structures are composed of tubulo-reticular Golgi membranes (Colanzi et al., 2000) .
We tested the effect of the affinity-purified anti-GRASP65 antibody in this assay. Salt-washed, permeabilized NRK cells were incubated in the presence of an ATP-regenerating system and interphase cytosol or mitotic cytosol in the absence or presence of 200 g/ ml of either affinity-purified anti-GRASP65 antibody or preimmune IgG (Figure 2A ). After incubation for 60 min at 32ЊC, the cells were processed for fluorescence microscopy using the monoclonal anti-Giantin antibody to analyze the Golgi organization and rhodamine-conjugated anti-rabbit secondary antibody to follow the fate of the exogenously added antibodies (Figure 2A ). The exogenously added anti-GRASP65 antibody recognized its target on the Golgi membranes ( Figure 2A ). The experiment was quantified and revealed that in the presence of the GRASP65 antibody, approximately 30% of the cells showed a fragmented Golgi apparatus compared with 65% in incubations with preimmune IgG (Figure 2B) .
Based on these experiments, we conclude that the anti-GRASP65 antibody is a suitable reagent for inhibiting the fragmentation of the pericentriolar Golgi apparatus by mitotic extract (Sü tterlin et al., 2001).
Addition of the C-Terminal Region of GRASP65 Blocks Mitotic Golgi Fragmentation
The N-terminal portion of GRASP65 contains both the gion of GRASP65 ( Figure 3B ). GRASP65⌬200 does not contain the Plk and GM130 binding sites. We tested the effect of GRASP65⌬200 in the Golgi fragmentation NRK cell lysates ( Figure 1A) . We found that the antiseprocess. The permeabilized cell system mentioned rum, in contrast to the preimmune IgG, recognizes picoabove was incubated with 100 g/ml of the C-terminal gram amounts of recombinant protein and a single polyregion of GRASP65 (GRASP65⌬200) for 60 min at 32ЊC, peptide of 65 kDa in total NRK cell lysates. As expected, and the organization of the Golgi apparatus was moniepitope-tagged, recombinant GRASP65 migrates slightly tored by fluorescence microscopy using the anti-Giantin higher on SDS-polyacrylamide gels than the endogemonoclonal antibody (data not shown). Quantitation of nous GRASP65 from NRK cells ( Figure 1A , lanes 4 and the assay revealed that, in the presence of the C-terminal 5). Immunofluorescence microscopy of NRK cells with GRASP65 fragment, Golgi breakdown occurred in 30% the affinity-purified antibody and not the preimmune IgG of the cells, in contrast to 70% in control cells lacking revealed staining of the Golgi apparatus ( Figure 1B) .
We have reconstituted Golgi fragmentation in semiinthe GRASP65 fragment ( Figure 3C ).
Thus, the affinity-purified anti-GRASP65 antibody and GRASP65⌬200 inhibit Golgi fragmentation during mitosis without inhibiting and/or sequestering Plk and GM130.
Golgi Fragmentation Is Necessary for Entry into Mitosis in Intact Mammalian
Cells NRK cells were arrested in S phase by aphidicolin treatment. The cells were washed to remove aphidicolin, and at various time points after aphidicolin washout, they were stained with anti-phospho Histone H3 antibody, anti-Giantin antibody, and with the DNA-specific dye Hoechst 33342. We count a random population of 400 cells and determine how many cells have mitotic DNA and a fragmented Golgi apparatus. The number of cells in mitosis increases with time and reaches a peak of 80 at 7.5 hr after aphidicolin washout. The numbers then drop to about 13 by 9.5 hr postaphidicolin washout (Figure 4A ; numbers shown are an average of two independent experiments). Mitotic cells round up and it is difficult to keep these cells attached to the coverslip, especially during the procedures for fluorescence microscopy. For all the experiments described below, we incubate cells for 7.5 hr after aphidicolin washout because at this time point the number of mitotic cells was the highest.
NRK cells were arrested in S phase with aphidicolin, washed to remove aphidicolin, and after 45 min of incubation in regular cell culture medium, 400 cells per coverslip were microinjected with either affinity-purified anti-GRASP65 antibody or preimmune IgG. At 7.5 hr after release from the S phase block, the cells were fixed and processed for immunofluorescence microscopy. To test whether the GRASP65 antibody-mediated effect on entry into mitosis represents a delay or a block microinjection of GRASP65⌬200 lowered the number of mitotic cells from 80 Ϯ 10 out of a population of 400 of entry into mitosis, the following experiment was carried out. Noninjected control and anti-GRASP65 IgGnoninjected control cells to 38 Ϯ 5. A similar experiment was carried out with anti-GRASP65 antibody that was injected cells were stained with DNA-and Golgi-specific reagents (described above) at various times after aphidiaffinity purified against GRASP65⌬200. The cells were microinjected with this particular antibody, and it was colin washout. For each time point, 400 cells were counted. In control cells, the number of cells with mitotic found to inhibit Golgi fragmentation and entry into mitosis in greater than 55% of the cells (data not shown).
DNA and fragmented Golgi dropped from 80 at 7.5 hr to 42 at 8.5 hr and finally to 13 at 9.5 hr after aphidicolin Thus, the injection of anti-GRASP65 affinity-purified IgG or the GRASP65⌬200 peptide inhibits entry into mitosis removal. In anti-GRASP65 IgG-injected cells, the number of cells with mitotic DNA and fragmented Golgi was in 50%-55% of the injected cells. Injection of the anti-GRASP65 antibody did not affect the actin and microtuapproximately 40 after 6.5-8.5 hr and dropped to 18 at 9.5 hr after aphidicolin washout ( Figure 4E ; data shown bule cytoskeleton (data not shown). Also, the duplication and separation of centrioles appeared normal as moniis an average of two independent experiments). In other words, while there is a sharp drop in the number of tored by staining of noninjected control and anti-GRASP65 IgG-injected cells with anti-␥-tubulin antibody mitotic cells in noninjected control cells, the number Figure 8A , that in noninjected control and anti-GRASP65 IgGinjected cells that are arrested in S phase, Cyclin E is a) and into early and late mitotic DNA ( Figure 8A, b-d) . In in the nucleus ( Figure 8B, left images) . At 7.5 hr after when the Golgi membranes are in the pericentriolar region. Once the Golgi membranes have been fragmented aphidicolin washout, Cyclin E is nonnuclear ( Figure 8B , right images) in both noninjected control and antiand dispersed away from the pericentriolar region, for example, by treatment with BFA or nocodazole, the GRASP65 IgG-injected cells. Thus, the cells injected with the anti-GRASP65 IgG have completed S phase GRASP65-specific reagents do not affect entry into mitosis. Thus, the potency of GRASP65 inhibitory reagents but are not in the prophase stage of mitosis.
vis-a-vis entry into mitosis is only effective when the Golgi apparatus is in the pericentriolar region. This is Discussion an important finding and reveals that it is the location of the Golgi membranes and not GRASP65 itself that It is generally accepted that Golgi membranes in mamregulates entry into mitosis. malian cells fragment as a consequence of entry into the mitotic cycle. Our findings reveal that the process of Golgi fragmentation is initiated prior to the appearGolgi Membranes in the Pericentriolar Region: A Sensor for Controlling Entry into Mitosis ance of these membranes in a highly fragmented form, which is observed in the early to late metaphase stage Our finding that inhibiting Golgi fragmentation prevents entry into mitosis is both peculiar and thought proof mitosis. Preventing Golgi fragmentation at this early stage inhibits entry into mitosis. Thus, fragmentation of voking. We have ruled out the trivial possibility that this is due to an unspecific effect of the anti-GRASP65 antithe Golgi apparatus is not an effect of mitosis-specific events but a key cause regulating entry of cells into body or the GRASP65⌬200 peptide. These reagents, when injected into cells that contain 
